Some haploid inducing lines used in the production of maize doubled haploids (DHs), express germination problems and reduced vigor. In this study, haploid inducing lines RWS, RWK-76 and their reciprocal hybrids RWS/RWK-76 and RWK-76/RWS were examined for viability by Tetrazolium (TZ) and germination ability by standard germination tests. Evaluation based on TZ tests showed that 59% of the seed of RWK-76/RWS were not viable, compared with only 12% dead seed in RWS/RWK-76. Similarly, the percentage and speed of germination in RWK-76/RWS (25%, 1.53) was lower than for RWS/RWK-76 (74%, 4.30). In an effort to develop a quick method for assessing seed viability in these lines, the TZ test was repeated in a different way. Seed from each genotype was placed in beakers containing distilled water.Seed would either float or sink. Subsequent TZ testing confirmed that seed that floated was dead, and seed that sank was alive, although some of them had defective embryos. The dead seed in both genotypes failed to develop an embryo, leaving an empty cavity that would fill with air and cause seed to float on water. This feature can be exploited for a simple and practical method to separate living from dead seed. In addition, we surveyed theig1 (indeterminate gametophyte) gene as a candidate for germination problems in inducer lines.Sequencing data from theig1 region showed that RWS and RWK-76 differed in one nucleotide and amino acidin the firstexon of ig1.Segregation of ig1 alleles from RWS and RWK-76 wassignificantly (P=0.01) distortedin the respectiveF2 population relative to the expected Mendelian segregation ratio (1:2:1). Thus, either ig1 or a linked gene in the ig1 region affect seed viability. 
Introduction
Maize (Zea mays L.) is one of the most important crops globally. Inbred line production is increasingly done using doubled haploid (DH) technology (Geiger, 2009 ). Some of the most effective inducer lines in the production of maize DHs at present are RWS (inducer derived from a cross KEMS × WS14) and its sister line, RWK-76, and crosses of hybrids RWS×RWK-76 and RWK-76×RWS (Rober et al., 2005; Geiger and Gordillo, 2009 ). The cross RWS×RWK-76 with an induction rate of about 90 to 100 haploids in every 1000 seeds is the preferred inducer over parental lines RWS and RWK-76 because it has more vigor and sheds more pollen (Geiger, 2009 ). Prigge et al. (2012) reported that a major QTL on chromosome 1 (qhir1) controls 66% of the genetic variance for haploid induction ability. Prasanna et al. (2012) mentioned, however, that inducers UH400, RWS, and RWS × UH400 display poor vigor, poor pollen production, poor seed set, and high susceptibility to tropical maize diseases. Moreover, germination rates of seed from RWS and RWK-76 are substantially lower compared to seed harvested from most other inbreds (unpublished data). Maize caryopses are complicated structures with three genetically distinct parts: the embryo (diploid), the endosperm (triploid), and the seed coat (pericarp).Seed quality is determined by the ability to germinate under "normal" environmental conditions, and isinfluenced by genetic, physical, physiological, and health aspects (Burris, 1977) . Among many factors controlling crop productivity, seed quality and its viability are very important. Knowledge ofgermination rates of planted seedis crucialto achieving desired stand densities andexpected yields.It is thusnecessaryto have suitable methods for testing seed vigor (Milosevic et al., 2010 (Macdonald, 1975) . In TZ tests, seed is first hydrated to restore metabolic activity.
Obviously, at this stage seed is dependent on fixed carbon sources and derives energy production from the flow of electrons. The activity of dehydrogenase enzymes is thus crucial to the germination process. Colorless 2,3,5-triphenyl tetrazolium chloride solution is able to interact with the dehydrogdenases and is reduced in this processinto a red compound called formazan. Formazan stains living cells with red color and dead cells remain colorless. TZ tests work well for both dormant and non dormant seed (Copeland and Mcdonald, 1995) . Paliwal et al. (1990) evaluated three seed quality methods in sorghum including tetrazolium, soil cold and standard germination tests. They demonstrated that TZ tests were closely correlated with emergence in soil cold tests.Another seed quality method isa specific gravity test that has been used to distinguish viable from unviable seed. In this procedure, individual seed with low specific gravityis considered non-viable (Van De Venter and Barla-Szabo, 1994).
Maize has been studied broadly for many genetic aspects. However, there are only few genetic studies related to seed quality regarding germination ability (Eagles, 1982; Barla-Szabo et al., 1989; Odiemah, 1989) . Also, expression of genes related to seed quality could be assayed by germination and vigor tests (Coimbra et al., 2009 ). Causse et al. (1996) determined quantitative trait loci (QTL) related to germination efficiency, grain size, and weight. Revilla et al. (2009) identified several genes related to germination in aged maize seed. They found polymorphic SSR (simple sequence repeat) markersfor six known genes discriminating between living and dead seed.A quantitative trait locus (QTL) mapping study (Limami et al., 2002) identified three QTL related to germination trait T50 (T50 is the time at which 50% of the kernels germinated) that explain 18.2% of the phenotypic variance, three QTL related to a trait linked to germination performance, kernelsize and weight (thousand kernel weight), that explain 17% of the phenotypic variance, two QTL related to glutamine synthetase (GS) activity at earlystages of germination that explain 17.7% of the phenotypic variance, and one QTL related to GS activity at late stages ofgermination that explains 7.3% of the phenotypic variance. Jones (1920) and Mangelsdorf (1923 Mangelsdorf ( , 1926 ) studied defective kernel (dek) mutations, with effect on endosperm and embryo development. These mutations are recessive and cause development of non-viable kernels. Various mutations have been recognized that act genetically during the haploid phase in angiosperms. Indeterminate gametophyte (ig1) or female gametophyte mutants lead to abnormalities in embryo sacs and the fertilization process.
Ig1 mutants produceboth viable and defective seed, abnormal embryos and endosperm.
Additionally, ig1 decreases the embryo genic ability of cells that miss one of the two parental genomes, so that mutant embryo sacs produce haploid progeny, of both maternal and paternalorigin, at a higher rate compared to wild-type embryos (Kermicle, 1969; Evans, 2007) .
In this study, we determined seed vigor and germination rates of the two reciprocal F1s of the haploid inducing lines RWS and RWK-76, and both inbred lines. We evaluated, whether previously mapped QTL affecting induction ability or the gene ig1 are likely to cause germination issues in the reciprocal F1s, and established a simple technique for enrichment of viable inducer seed.
Materials and Methods

Tetrazolium Test
Crosses between haploid inducing genotypes RWS, RWK-76, RWS/RWK-76, and the reciprocal cross RWK-76/RWS, were examined for viability by TZ tests. TZ tests included four replications with 50 kernels each. Each replicateof 50 seeds wasplaced between moist germination paper (Anchor Paper, St. Paul, MN), overnightat constant 22°C (in dark). The next day, kernels were cut in half and placed in 0.1% TZ solution. After 30 minutes at 35°C, kernels were examined for staining patterns using adissecting microscope according to the AOSA (2010) guidelines.
Germination Test
Haploid inducing F1 genotype RWS/RWK-76 and the reciprocal F1 RWK-76/RWS were assayed for standard germination performance. Germination tests were performed using a paper roll test according to AOSA (2010) guidelines. Kernels were placed on brown germination paper (Anchor Paper, St. Paul, MN), pre-moisturized with distilled water, and rolled up afterwards. Rolled germination papers were kept in bins. The bins were incubated in growth chambers at 22°C (in dark). Genotypes were grown in a completely randomized design with four replications. Each paper roll containing 50 seeds was considered an experimental unit. After 14 days, total germination and speed of germination were evaluated as described 
Float Test
To determine, if seed density tests could approximate seed viability more rapidly than germination tests, haploid inducing F1s, RWS/RWK-76, RWK-76/RWS and F2 seed from the cross of RWS×RWK-76 were tested. Kernels were placed into beakers filled with distilled water. Kernels would either float or sink. TZ testing was subsequently carried out to determine whether this method separated viable from non-viable seed.
Molecular Methods
Since the two QTL on chromosomes 1 and 9 affecting haploid induction (Prigge et F2 seed derived from F1 RWS/RWK-76 (n=50) was divided into two fractions, using the floating method in water. Sunken seed was germinated and DNA was extracted from leaves according to the CTAB protocol. DNA from floated seed (dead seed) was extracted from endosperm according to Gao et al. (2008) . All DNA samples were analyzed with the allele specific PCR marker for ig1.
If ig1 has no impact on seed viability, we expected to see equal segregation ratios: 1/4 RWS/RWS + 1/2 RWS/RWK + 1/4 RWK/RWK in the sunken (DNA was extracted from leaf) and floated seed (DNA was extracted from endosperm) fractions. However, if ig1 affects female gamete development, we expectedto obtain a significant deviation from the 1:2:1 segregation ratio inat least one of the two fractions.
Statistical Methods
The TZ test and germination experiment were conducted in a completely randomized design with four replications. Analysis of variance was done using SAS software (SAS Institute, 1999 
Results
Tetrazolium and Standard Germination Tests
The reciprocal crossesRWS/RWK-76 and RWK-76/RWS differed (P 0.05) in seed viability, , respectively) (Table2). A floating test along with subsequent TZ testing confirmed that caryopses that floated were dead, while those that sank were alive,although some of them had defective embryos.
The ig1 Gene as Likely Cause of Germination Issues in Inducer Lines
The ig1 gene is located on chromosome 3 of the maize genome (Evans, 2007) .After cloning and sequencingtheig1 region in the two parents of RWS×RWK-76, the sequence alignment Comparison of reciprocal F1 hybrids provides an excellent system to study genes associated with parent-of-origin effects in diploid tissue that influences various traits of agronomic interest. In hybrid seed production systems such as maize, identification of genes associated with imprinting provides an opportunity to select parents (male or female) through which to introduce the desired alleles (Kollipara et al. 2002) .In this study, the differential response of the reciprocal F1 hybrids for germination rate indicates maternal dominance (parent-of-origin effect). This pattern of maternal influence attributable to parent-of-origin effect was previously observed by Kollipara et al. (2002) in maize. They reported that germination of the F1s with the high parent (i.e., parent with high germination score) as the maternal parent was usually higher in their germination tests compared to those with poor germinating parents as maternal parent. In other words, Ig1 is expressed in egg cells -and the defective ig1 allele causes abortion of the egg cell and thus lack of embryos in one but not the other direction of the cross.
Alternatively, ig1 is expressed later (in embryo/diploid cells) -in that case the difference can only be explained by epigenetic effects, as the two directions of the cross are genetically identical. Thus, in this latter case it would be a "parent of origin effect", with "memory"
provided by an epigenetic mechanism.
The significant and positive correlation between germination and TZ tests suggests that using the TZ test as a reliable indicator of maize viability and also showed the potential of the TZ In conclusion, we introduced a simple and practical method (gravity test) to separate living from dead seed, which is beneficial for separating non viable from viable inducer seed prior to sowing. Sequencing of ig1 showed that the two parents of RWS×RWK-76 differ in one nucleotide in the first exon leading to a non-conserved amino acid change. Distorted segregation in F2 suggeststhat allelic variation at ig1may affectseed viability. 
